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Abstract: Corruption reflects a set of illegal activities that jeopardize the smooth functioning of
economies, society, and climate and environmental issues. This article tests the relationships be-
tween economic growth, corruption, renewable energies, international trade, and carbon dioxide
emissions using panel data for European countries, namely Portugal, Spain, Italy, Ireland, and
Greece, from 1995–2015. As an econometric strategy, this research uses the panel fully modified least
squares (FMOLS), panel dynamic least squares (DOLS), and panel two-stage least squares estimator
(TSLS). Considering the variables utilized in the research and the panel unit root test, we observed
that the variables are integrated I (1) in the first difference. The variables of corruption, economic
growth, renewable energies, international trade, and carbon dioxide emissions are cointegrated in
the long run, using the Pedroni and Kao residual cointegration test arguments. The methodology of
Dumitrescu–Hurlin to test the causality between carbon dioxide emissions, corruption, economic
growth, and renewable energy shows that there is unidirectional causality between carbon dioxide
emissions and corruption and economic growth and corruption. The results suggest that the corrup-
tion index and economic growth have a statistically significant positive impact on carbon dioxide
emissions. However, renewable energies and international trade reduce climate change and improve
the environmental quality.

Keywords: climate change; innovation; corruption; renewable energy; panel data

1. Introduction

The various international conferences and agreements on the environment have
stimulated economists and policymakers to assess the impact of corruption and renewable
energies on climate change. Besides, the monopolistic competition models in international
trade have demonstrated the importance of innovation as a factor that facilitates sustainable
development, reducing greenhouse effects (e.g., Leitão 2021; Leitão and Balogh 2020).

In recent years, economists have assessed the relationship between corruption and
economic growth, as well as corruption and carbon dioxide emissions. The empirical
studies demonstrate that corruption affects economic growth, air quality, and climate
change.

This causality between corruption, economic growth, and climate change is complex,
as it involves political, economic, social, and environmental issues. In this context, this
paper examines the linkage between renewable energy, corruption perception, and carbon
dioxide emissions. The impact of trade openness and economic growth on air quality is
also considered by panel data for Portugal, Spain, Italy, Ireland, and Greece, considering
the period 1995–2015.

Previous studies (e.g., Leitão 2021; Balsalobre-Lorente et al. 2021; Shahbaz et al.
2016; Leitão 2013) on the Kuznets environmental curve have not assessed the impact of
corruption on climate change, thus finding a gap in the literature.

This article’s motivation is related to the fact that we have considered a group of
countries in Europe with identical characteristics but with some particularities between
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them. In this context, it is possible to mention that the crisis that started in the USA in
2008–2009 had repercussions in Portugal, Spain, Italy, Ireland, and Greece. Moreover, it
is essential to mention that Greece was the first country to resort to international aid in
2010, followed by Ireland in that same year. However, Ireland managed to cease relying on
international support in 2013. In 2011, Portugal asked for international aid and, in 2014,
exited the rescue program. Spain and Italy did not request a recovery plan; however, they
implemented economic austerity measures.

After the most challenging years with measures of substantial restrictions in economic
terms, it will be interesting to observe and understand how climate change reacts in the
face of corruption and the relationship between innovation (via international trade and
renewable energies) and carbon dioxide emissions.

This paper’s main objective is to assess the impact of corruption, trade openness, and
renewable energies on climate change and air quality. iFrst, we present a literature review
based on the link between renewable energies, corruption, international trade, economic
growth, and carbon dioxide emissions. This first objective seeks to support the methodology
to be applied, as well as the empirical study. In a second step, the econometric models’
applications evaluate the short and long-term impacts and the causality relationships
between the variables used.

This article is formulated as follows. The next section presents the literature review.
Section 3 contains the methodology, material, data and methods considered in this research
in which we present the panel data, the sources from which the data were collected, the
formulated hypotheses, and the respective econometric models. The empirical results
and discussion are shown in Section 4 and the conclusions and policy implications are
presented in Section 5.

2. Literature Review

This section presents the empirical studies that assess the relationship between eco-
nomic growth, corruption, and carbon dioxide emissions. The association between interna-
tional trade and climate change is also explained.

2.1. Corruption and Climate Change

The relationship between corruption and carbon dioxide emissions has two different
perspectives in empirical studies. Thus, there are studies (Sekrafi and Sghaier 2018; Armi-
nen and Menegaki 2019; Balsalobre-Lorente et al. 2019; Akhbari and Nejati 2019) that find a
negative correlation between corruption and carbon emissions, concluding that the control
of corruption allows reducing polluting emissions. In this context, Sekrafi and Sghaier
(2018) formulated three equations using an ARDL model. The first equation evaluated
the correlation between corruption and economic growth, the second equation testing
the role of corruption on carbon dioxide emissions, and finally, an equation for energy
consumption as a dependent variable. Considering the empirical results and especially
the equation of carbon dioxide emissions, we observe that income per capita negatively
affects carbon dioxide emissions. Squared income per capita is positively associated with
carbon dioxide emissions; these results are not according to EKC assumptions. However,
corruption presents a negative effect on CO2 emissions.

The other perspective argues that corruption can accentuate carbon dioxide emissions
(e.g., Cole 2007; Sahlia and Rejeb 2015; Hassaballa 2015; Dincer and Fredriksson 2018;
Masron and Subramaniam 2018; Ridzuan et al. 2019; Akhbari and Nejati 2019; Zhang and
Chiu 2020).

The nexus between income and environmental was considered by Cole (2007) using
panel data (random effects). Regarding the equation of the carbon dioxide emissions, the
results suggest that corruption positively impacts CO2 emissions. Moreover, the industry’s
share also finds a positive effect on carbon dioxide emissions, and trade openness presents
a negative correlation with CO2 emissions (Cole 2007, p. 641).
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The link between corruption and carbon dioxide emissions for the MENA region was
considered by Sahlia and Rejeb (2015) and Hassaballa (2015). Both empirical works indicate
that corruption positively affects the environment. Nevertheless, Sahlia and Rejeb (2015)
find a positive effect between corruption and CO2 emissions.

The study of Dincer and Fredriksson (2018) used 48 US States for 1977–1994. The
authors applied dynamic panel data (GMM-system). The results for evaluating the re-
lationship between corruption, trust, and emissions (e.g., Dincer and Fredriksson 2018,
p. 223) found that the lagged variable of emissions presents a positive effect in the long
run. Besides, corruption and trust show a positive impact on emissions, as well as income
per capita. However, squared income per capita and the lagged variable of stringency are
negatively correlated with pollution emissions.

A partial least squares regression (PLS) for BRICS (Brazil–Russia–India–China, and
South Africa) for the period 1996–2015 was considered by Wang et al. (2018). The empirical
results demonstrated that corruption, economic growth, and urban population positively
affect pollution emissions. Subsequently, the results showed that trade is negatively
associated with carbon dioxide emissions.

Corruption, energy consumption, and climate change were studied by Arminen and
Menegaki (2019) using dynamic panel data from 1985 to 2011. The authors formulated
three equations: the first for economic growth, the second for energy consumption, and
the last for air pollution. The empirical results validate the bidirectional relationship
between energy consumption and CO2 emissions. According to the results, corruption
is not statistically significant for all models. Furthermore, the models do not confirm the
environmental Kuznets curve hypotheses.

Ridzuan et al. (2019) empirical study considers the correlation between corruption
and carbon dioxide emissions in three ASEAN countries (Malaysia, Indonesia, and the
Philippines) for 1970–2017. The authors tested the effects of economic growth, energy con-
sumption, foreign direct investment, openness of trade, financial development, corruption
index, and urban population on carbon dioxide emissions. Regarding the econometric
results using the ARDL autoregressive model distributed lag, the authors demonstrated
that corruption positively affects CO2 emissions in the long run. Moreover, the variable
of foreign direct investment is negatively correlated with carbon dioxide emissions by
Malaysia and the Philippines. Finally, the urban population variable positively affects
carbon dioxide emissions in Indonesia and the Philippines.

Akhbari and Nejati (2019) examined the impact of corruption on carbon emissions for
61 developed and developing economies for 2003–2016 using panel data. The estimates
with the fixed effects model show that the result of corruption is ambiguous. When the
authors consider only the corruption index variable, we observe a statistically significant
negative effect on carbon emissions. However, when the authors consider the variable
corruption multiplied by the human development index, the results have a negative impact.

Zhang and Chiu (2020) investigated the effect of country risks (economic, financial,
and political) on CO2 emissions. The authors applied panel data for 111 countries for
the period 1985–2014. The empirical results revealed an inverted U-curve among CO2
emissions and economic risk, but with financial and political risk, the results revealed a
positive impact on CO2 emissions. Thus, the Kuznets curve hypotheses confirm a positive
correlation between income per capita and emissions and a negative effect of squared
income per capita on carbon dioxide emissions.

For instance, the empirical study of Lee et al. (2020) evaluated corruption in Asian
countries, namely Bangladesh, Brunei, China, India, Indonesia, Malaysia, Myanmar, Pak-
istan, Philippines, Singapore, Sri Lanka, Thailand, and Vietnam, considering the period
1984 to 2017. The empirical results with Pooled OLS, fixed effects, and random effects are
similar. The authors indicate that corruption presents a positive impact on carbon dioxide
emissions. The variables of energy consumption, economic growth, and population have a
positive effect on carbon emissions. However, the coefficient of foreign direct investment is
negatively correlated with carbon dioxide emissions.
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Another interesting contribution is the study by Sansyzbayeva et al. (2020) that
assesses the transition to a green economy in Kazakhstan. The authors show that economic
activity sectors depend fundamentally on mineral extraction, where there is a strong
correlation with carbon dioxide emissions. In terms of a solution to this problem, the
authors argue that the government should encourage more research and development to
achieve innovation and a more sustainable economy.

Besides, corruption encourages the shadow economy by distorting the fiscal and
financial system (e.g., Bilan et al. 2020; Nemec et al. 2021).

2.2. Economic Growth, International Trade, and Climate Change

The environmental Kuznets curve that became popularized with Grossman and
Krueger (1991, 1995) and Holtz-Eakin and Selden (1995), which initially introduced the
inverse relationship between income per capita and squared income per capita and air
quality, as well as the impact of international trade and the consumption of nonrenewable
energy on pollutant emissions, has been extended in recent years with the introduction of
other variables such as renewable energy (e.g., Ahmed and Shimada 2019; Ike et al. 2020;
Maneejuk et al. 2020; Leitão and Balsalobre-Lorente 2020; Razzaq et al. 2021; Bouyghrissi
et al. 2021; Koengkan et al. 2021; Balsalobre-Lorente et al. 2021).

Extensive empirical evidence in the literature suggests that productivity stimulates
greenhouse gas production and environmental damage. The recent study of Koengkan et al.
(2021) investigates the effect of renewable energy consumption to diminish the outdoor
air pollution death rate from 1990 to 2016 by Latin America and Caribbean countries. As
an econometric methodology, the authors used OLS robust and panel quantile regression
by two equations. Regarding carbon dioxide emissions as the dependent variable, the
econometric results demonstrate that the income per capita and fossil energy consumption
rates positively impact CO2 emissions, showing that climate change increases. The model
also demonstrated that renewable energy consumption and urbanization rate are negatively
correlated with carbon emissions.

According to the literature (e.g., Koengkan et al. 2021; Singh et al. 2019; Sriyana 2019;
Karhan 2019; Soava et al. 2018; Mahmoodi 2017; Khobai and Roux 2018), renewable energy
allows the reduction in climate change and greenhouse gas and simultaneously contributes
to economic development. There is a consensus in the literature that there exists a positive
impact of renewable energy on economic growth and a negative effect of renewable energy
on CO2 emissions. In this line, Balsalobre-Lorente and Leitão (2020) evidenced that there is
a positive association with statistical significance between carbon emissions and growth.
These authors argue that climate change and greenhouse gases are positively correlated
with economic growth. Therefore, the empirical studies of Sriyana (2019), Khobai and
Roux (2018), Alper and Oguz (2016), Marinaş et al. (2018), and Ibrahiem (2015) used as an
econometric strategy an autoregressive distributed lag–ARDL model. They concluded that
renewable energy encourages economic growth, and renewable energy permits reduced
climate change.

The empirical study of Ahmed and Shimada (2019) considers panel data for testing
the effect of renewable energy on economic growth and quality of air in Asia, South Asia,
Latin America, Africa, and the Caribbean. Using a cointegration panel FMOLS (panel fully
modified least squares) and DOLS (panel dynamic ordinary least squares) the authors
found a positive association between income per capita and carbon dioxide emissions. The
variable of energy consumption shows a positive effect on CO2 emissions. Nevertheless,
renewable energy has a negative sign on the quality of air.
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Testing the environmental Kuznets curve, the empirical study of Ike et al. (2020) used
income per capita, democracy, international trade, energy consumption, and oil production,
and results with panel FMOLS and DOLS suggest that democracy, oil production, and
energy consumption are positively correlated with environmental damage. However,
international trade stimulates improvements in the environment. In this context, Maneejuk
et al. (2020) considered the link between economic growth, renewable energy, financial
development, urbanization, and climate change for the following group of countries:
ASEAN, EFT, EU, G7, Mercosur, NAFTA, and OECD for the period 1980–2016. The
empirical results found a negative impact of renewable energy use on carbon emissions,
showing improved air quality. However, there exists a positive effect of economic growth,
financial development, and urbanization on carbon dioxide emissions.

The empirical studies of Leitão and Balogh (2020) and Leitão (2021) demonstrate that
trade openness allows for reducing climate change and carbon dioxide emissions. In this
context, Leitão and Balsalobre-Lorente (2020) explored the nexus between economic growth,
renewable energy, international trade, and carbon dioxide emissions. The authors used
panel data (FMOLS, DOLS, and GMM-System) for the European countries. The results
showed that economic growth is directly associated with pollution intensity. Additionally,
Leitão and Balsalobre-Lorente (2020) also demonstrated that renewable energy and inter-
national trade contribute to accelerating sustainability development. However, the link
between corruption and international trade can be analysed considering the gravitational
model (e.g., Saputra 2019). The study shows that corruption positively affects imports,
with a particular focus on developing countries.

The experience of Latin American countries for the period 1990–2014 was investigated
by Razzaq et al. (2021). The study formulated an equation for carbon dioxide emissions.
Razzaq et al. (2021) used renewable energy, nonrenewable energy, income per capita,
foreign direct investment, and gross fixed capital formation as explanatory variables.
The empirical results using panel data FMOLS and DOLS showed that the variables of
nonrenewable energy, gross fixed capital formation, and foreign direct investment present
a positive impact on carbon dioxide emissions. Furthermore, the variables of renewable
energy and income per capita are statistically significant, negatively affecting carbon
emissions.

Bouyghrissi et al. (2021) recent article focus on the relationship between renewable en-
ergy and Morocco’s economic growth from 1990–2014. The authors used as an econometric
strategy ARDL (autoregressive distributed lag) and Granger causality. The results showed
that CO2 emissions are positively correlated with economic growth in the short and long
run. Besides, the same is valid for renewable energy and economic growth.

The effects of energy consumption, economic growth and globalization on carbon diox-
ide emissions for BRICS (Brazil, Russia, India, China, and South Africa) economies were
considered by Rahman et al. (2021). The authors applied panel data (FMOLS (panel fully
modified least squares) and DOLS (panel dynamic ordinary least squares)) for 1989–2019.
They concluded that energy consumption is positively correlated with carbon emissions;
however, the ECK hypotheses (income per capita and squared income per capita) not
found support. Moreover, the globalization index (KOF) presents a negative effect on CO2
emissions, showing that globalization stimulates environmental improvements. In line
with the previous studies, Kahia et al. (2021) evaluate the determinants of air quality and
economic growth in Saudi Arabia for the period 1990–2016. Considering the equation for
the carbon dioxide emissions determinants, the authors showed that income per capita and
squared income per capita are according to the hypotheses of EKC. The variables of energy
consumption, urbanization, and foreign direct investment positively affect carbon dioxide
emissions. Furthermore, renewable energy presents a negative impact on CO2 emissions.
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The relationship between renewable energy and the EKC hypothesis for Portugal,
Italy, Greece, and Spain for 1995–2015 was investigated by Balsalobre-Lorente et al. (2021).
The authors use panel data (generalized least squares—GLS; panel fully modified least-
squares—FMOLS, and panel quantile regressions). The results found that squared income
per capita and renewable energy decrease climate change. However, the variables of
economic growth and urban population stimulate greenhouse emissions.

The experience of Greenland was investigated by Arnaut and Lidman (2021). They
found that income per capita and squared income per capita positively and negatively
affect carbon dioxide emissions. The variable of energy consumption presents a positive
effect, and urbanization negatively affects carbon emissions.

3. Materials and Methods

The effects of corruption, renewable energy, economic growth, and trade openness
on carbon dioxide emissions are considered in this research. The methodology used in
this study is panel data for the period 1995–2015, and we select the following European
countries: Portugal, Spain, Italy, Ireland, and Greece. This group of countries have similar
economic structures, namely in the distribution of per capita income, except for Ireland,
which stands out from the other countries (Figure 1).
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Thus, concerning the emission of carbon dioxide, it is observed that of the economies
in question, Italy is the one that has the highest emissions of carbon dioxide, followed by
Spain, Greece, and then Portugal and Ireland (Figure 2).
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Regarding corruption, it is possible to infer that from 2010 onwards, there was an
abrupt decline in all countries under analysis except for the Portuguese economy, which
increased slightly (Figure 3).
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Concerning the use of renewable energies, it is observed that Portugal, of the economies
under study, stands out in first place in terms of ranking. Ireland is one of the countries
with less use of renewable energies; however, since 2005, there is an increasing trend
towards the use of this type of energy (Figure 4).
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Figure 4. Panel data line renewable energy.

The dependent variable evaluates the emissions of carbon dioxide (CO2) expressed in
Kilotons. The independent variables are income per capita, corruption perception index,
renewable energy, and exports of goods and services as a percentage of GDP. It should be
mentioned that the data for the renewable energy variable is only available until 2015 from
the World Bank (2021) data. On the other hand, the corruption perception index collected
from the International Transparency database has only been available since 1995.

We started with unit root tests to assess whether the studies’ variables show stationar-
ity or are integrated into the methodology’s first differences.
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Then, we performed the multicollinearity test to see if we can specify the econometric
model. Dumitrescu and Hurlin (2012) causality analysis were also considered to assess
unidirectional and bidirectional causality among the variables used in this study. Regarding
the econometric models used in this study, we applied the TSLS–Panel Two-Stage Least
Squares (e.g., Anderson and Hsiao 1981, 1982; Arellano 1989; Arellano and Bond 1991)
and panel cointegration (panel fully modified least-squares—FMOLS, panel dynamic least
squares—DOLS, e.g., Saikkonen 1991; Phillips and R. Moon 1999).

Before applying the TSLS–Panel Two-Stage Least Squares estimator, it is necessary to
apply the Hausman test to identify heterogeneity. The Hausman test compares random
effects (RE) versus fixed effects (FE), indicating which estimators to use. After regression
of the TSLS—Panel Two-Stage Least Squares model, it is necessary to apply the Breusch–
Pagan postestimation test and the residual cross-section dependence test.

Therefore, the battery of panel unit root test such as Levin et al. (2002), ADF–Fisher
Chi-square, Phillips–Perron, and Im et al. (2003) recommended by Maddala and Wu (1999),
and Choi (2001) was applied to test and verify if the variables are stationary at the level or
integrated into the first differences.

The next step pursued is to test the long-run panel data cointegration between the
variables used in this study, considering Pedroni (2001, 2004) and the Kao (1990). As Leitão
and Balsalobre-Lorente (2020) note, the Pedroni cointegration test is considered in two
dimensions: with-dimension (panel cointegration) and between-dimension (mean panel).
The panel v—statistics, panel rho—statistics, panel PP—statistics, and ADF—statistics
represent the with-dimension. The classification between-dimension involves group rho—
statistics, group PP—statistics, and group ADF—statistics.

Subsequently, the estimators of the panel fully modified least-squares (FMOLS) and
panel dynamic least squares (DOLS) (e.g., Phillips and Hansen 1990; Stock and Watson
1993) are used to evaluate the long-run correlations between the variables used in this
study.

Hypotheses and Model Specification

Considering the literature review, we formulate the following hypotheses:

Hypothesis 1 (H1). Economic growth and economic activity are positively associated with carbon
dioxide emissions.

This hypothesis is formulated from the assumptions of the Kuznets environmental
curve and results from empirical studies of Bouyghrissi et al. (2021), Balsalobre-Lorente
et al. (2019), Ike et al. (2020), Koengkan et al. (2021), and Leitão and Balsalobre-Lorente
(2020). Most empirical studies find a positive impact between income per capita and carbon
emissions, demonstrating that production and economic activity do not use clean energy
and promote climate change and global warming.

The complexity of studying corruption and the different perspectives of this variable
in the environment and climate change allows us to formulate two hypotheses as an
alternative.

Hypothesis 2 (H2). (a) Corruption causes adjustment costs in the environment; (b) the control of
corruption reduces climate change.

This hypothesis was considered based on previous studies. As we analysed in the
literature review, there are two different perspectives on the impact of corruption on carbon
dioxide emissions: one of which argues that corruption’s control slows down climate
change. However, as mentioned by the international transparency organization (https:
//www.transparency.org/en/what-is-corruption, accessed on 18 April 2021), corruption
has impacts or costs in social, political, economic, and environmental terms. In this context,
corruption accelerates carbon dioxide emissions, and environmental damage (e.g., Dincer
and Fredriksson 2018; Ridzuan et al. 2019; Akhbari and Nejati 2019; Zhang and Chiu 2020).

https://www.transparency.org/en/what-is-corruption
https://www.transparency.org/en/what-is-corruption
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According to the international transparency organization, the corruption index (CPI)
is a perception index ranging from 0 to 10. The highest corruption corresponds to level 0,
and the value 10 indicates the lowest level of corruption.

Hypothesis 3 (H3). The use of renewable energy promotes sustainable development and air quality.

In recent years, empirical studies have argued that the replacement of nonrenewable
energy with cleaner energy promotes the reduction of environmental costs, with a pro-
liferation of studies that assess the causality between renewable energy and air quality.
The studies by Maneejuk et al. (2020), Leitão and Balsalobre-Lorente (2020), Koengkan
and Fuinhas (2020), and Balsalobre-Lorente et al. (2019) observed that there is a negative
relationship with statistical significance between renewable energies and carbon dioxide
emissions.

Hypothesis 4 (H4). International trade aims to decrease climate change.

Regarding the arguments of the monopolistic competition models applied to interna-
tional trade and the link with the environment, the empirical studies of Wang et al. (2018),
Ike et al. (2020), Shahzad et al. (2021), and Leitão (2021) demonstrated that international
trade is negatively correlated with carbon dioxide emissions. The authors state that trade
is associated with sustainable practices which aim to reduce CO2 emissions. As Leitão and
Balogh (2020) and Leitão (2021) argue, international trade allows us to explain innovation
and product differentiation. In this context, innovation factors make it possible to reduce
climate change and improve air quality.

Considering the studies of Zhang and Chiu (2020), Koengkan and Fuinhas (2020),
Bouyghrissi et al. (2021), and Balsalobre-Lorente et al. (2019), the model assumes the
following expression:

LCO2it = β0 + β1LGDPit + β2LCPIit + β3LREWit + β4LTOit + δt + ηi + εit (1)

In this empirical study, we use as a dependent variable the logarithm of carbon dioxide
emission (CO2) in kilotons to evaluate climate change, where i signifies the number of
countries, and t signifies the time. Moreover, δt describes the common determinist trend, ηi
are the specific effects, and εit represents the random disturbance.

The independent variables used in this study are the following:

LGDP—represents the logarithm of income per capita expressed in USD.
LCPI—signifies the logarithm of corruption perceptions index.
LREW—indicates the logarithm of a percentage of renewable energy use in total final
energy consumption.
LTO—represents the logarithm of exports of goods and services in the percentage of GDP.

Table 1 presents the data, the expected signs considering the literature review and the
sources used in this research.
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Table 1. Data, Expected Signs, and Sources.

Data Expected Signs Source

LCO2—Logarithm of carbon dioxide
emissions in kilotons

World Bank–World Development Indicators (2021),
and Carbon Dioxide Information Analysis Center.

LGDP—Logarithm of income per capita
based on purchasing power parity (PPP) [+] World Bank–World Development Indicators (2021),

and OECD National Account.

LCPI—Logarithm of corruption
perceptions index [+] Transparency International, CPI—Corruption

Perception Index data.

LREW—Logarithm of a percentage of
renewable energy use [−] World Bank–World Development Indicators (2021),

and International Energy Agency.

LTO—Logarithm of exports of goods in
percentage of GDP [−] World Bank–World Development Indicators (2021),

and OECD National Account.

4. Results and Discussion

This section exhibits the econometric results to test the relationship between cor-
ruption, economic growth, renewable energy, international trade, and carbon dioxide
emissions (climate change).

Table 2 reveals the general statistics for all variables utilized in this empirical study.
The variables of carbon dioxide emissions (LCO2) and income per capita (LGDP) represent
the maximum’s higher values. Besides, the variables of carbon dioxide emissions (LCO2),
income per capita (LGDP), and trade openness (LTO) present a positive skew. However, it
is possible to observe that corruption index (LCPI) and renewable energy (LREW) exhibit a
negative skew. The variable of carbon dioxide emissions (LCO2) presents the low kurtosis
value, but the variable assumes the high value of standard deviation (std. dev).

Table 2. Descriptive Statistics.

LCO2 LGDP LCPI LREW LTO

Mean 5.065 4.433 0.728 0.953 1.5211
Median 4.940 4.430 0.758 0.929 1.433

Maximum 5.676 4.839 0.933 1.484 2.086

Minimum 4.518 4.157 0.358 0.279 1.155
Std. Dev. 0.407 0.132 0.136 0.316 0.233

Skewness 0.272 0.158 −0.806 −0.398 1.126
Kurtosis 1.440 2.983 3.1923 2.5962 3.009

Probability 0.003 0.806 0.003 0.178 0.000

Observations 104 104 104 104 104
Notes: All variables are in logarithmic form.

Table 3 shows the unit root test results considering the methodology of Levin, Lin,
and Chu, ADF–Fisher Chi-square, Phillips–Perron, and Im–Pesaran–Shin. Regarding
the results, it is possible to infer that the variables of carbon dioxide emissions (LCO2),
economic growth (LGDP), corruption index (LCPI), renewable energy (LREW), and trade
openness (LTO) are stationary at the first difference I (1).
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Table 3. Panel Unit Root Test.

Variables Level First Difference

Carbon Dioxide Emissions LCO2 DLCO2

Method Statistic p-value Statistic p-value
Levin, Lin and Chu t −0.821 (0.206) −3.890 *** (0.000)

ADF—Fisher Chi-square 6.821 (0.742) 25.925 *** (0.003)
PP—Fisher Chi-square 7.583 (0.669) 48.315 *** (0.000)

IPS-Im, Pesaran, Shin W-Stat 2.088 (0.982) −1.393 * (0.081)

Level First difference

Income per capita LGDP DLGDP
Method Statistic p-value Statistic p-value

Levin, Lin and Chu t 3.562 (0.999) −2.772 *** (0.003)
ADF—Fisher Chi-square 0.474 (1.000) 17.121 * (0.071)
PP—Fisher Chi-square 0.048 (1.000) 19.552 ** (0.034)

IPS-Im, Pesaran, Shin W-Stat 1.374 (0.915) 0.029 (0.512)

Level First difference

Corruption Index LCPI DLCPI
Method Statistic p-value Statistic p-value

Levin, Lin and Chu t −0.659 (0.254) −8.233 *** (0.000)
ADF—Fisher Chi-square 7.142 (0.712) 69.599 *** (0.000)
PP—Fisher Chi-square 6.499 (0.771) 95.413 *** (0.000)

IPS-Im, Pesaran, Shin W-Stat −0.934 (0.175) −4.935 *** (0.000)

Level First difference

Renewable Energy LREW DLREW
Method Statistic p-value Statistic p-value

Levin, Lin and Chu t 2.615 (0.995) −4.735 *** (0.000)
ADF—Fisher Chi-square 0.903 (0.999) 40.613 *** (0.000)
PP—Fisher Chi-square 0.566 (1.000) 69.882 *** (0.000)

IPS-Im, Pesaran, Shin W-Stat 3.997 (1.000) −3.353 *** (0.000)

Level First difference

Trade Openness LTO DLTO
Method Statistic p-value Statistic p-value

Levin, Lin and Chu t 2.310 (0.989) −6.339 *** (0.000)
ADF—Fisher Chi-square 0.847 (0.999) 52.042 *** (0.000)
PP—Fisher Chi-square 0.340 (1.000) 62.034 *** (0.000)

IPS-Im, Pesaran, Shin W-Stat 1.075 (0.858) −3.901 *** (0.000)
Notes: ***, **, and * represent statistically significant at 1%, 5%, 10% levels. All variables are in logarithmic form.

Table 4 illustrates the results of causality among the variables using the criterion of
Dumitrescu–Hurlin pairwise causality.

We observe a unidirectional causality between economic growth (LGDP) and carbon
dioxide emissions (LCO2). The linkages between carbon dioxide emissions (LCO2) and
corruption (LCPI) and economic growth and corruption (LCPI) present a unidirectional
causality. These results are according to the previous studies of Dincer and Fredriksson
(2018), Ridzuan et al. (2019), and Lee et al. (2020). Besides, it is important to highlight that
these results suggest that signs of the shadow economy occur and can be justified by the
investigations of Bilan et al. (2020) and Nemec et al. (2021).
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Table 4. Dumitrescu–Hurlin pairwise causality test.

Null Hypothesis: W-Stat. Zbar-Stat. Prob.

LGDP does not homogeneously cause LCO2 11.043 *** 7.008 (0.000)
LCO2 does not homogeneously cause LGDP 2.599 0.2098 (0.833)
LCPI does not homogeneously cause LCO2 3.811 1.1850 (0.237)
LCO2 does not homogeneously cause LCPI 5.623 *** 2.6437 (0.008)

LREW does not homogeneously cause LCO2 9.192 *** 5.5174 (0.000)
LCO2 does not homogeneously cause LREW 6.458 *** 3.3167 (0.000)
LTO does not homogeneously cause LCO2 6.438 *** 3.000 (0.001)
LCO2 does not homogeneously cause LTO 6.088 *** 3.019 (0.002)

LCPI does not homogeneously cause LGDP 2.158 −0.142 (0.887)
LGDP does not homogeneously cause LCPI 6.147 *** 3.089 (0.002)

LREW does not homogeneously cause LGDP 1.227 −0.896 (0.370)
LGDP does not homogeneously cause LREW 9.199 *** 5.561 (0.000)
LTO does not homogeneously cause LGDP 2.075 −0.209 (0.834)
LGDP does not homogeneously cause LTO 5.115 ** 2.253 (0.024)
LREW does not homogeneously cause LCPI 11.572 *** 7.4823 (0.000)
LCPI does not homogeneously cause LREW 4.192 1.505 (0.132)
LTO does not homogeneously cause LCPI 3.970 1.326 (0.185)
LCPI does not homogeneously cause LTO 4.321 1.6099 (0.107)

LREW does not homogeneously cause LTO 2.910 0.467 (0.640)
LTO does not homogeneously cause LREW 8.045 *** 4.626 (0.000)

Notes: ***, and ** represent statistically significant at 1%, 5%, levels. All variables are in logarithmic form.

The same is valid between economic growth (LGDP) and renewable energy (LREW),
and trade openness (LTO). The relationship between economic growth and renewable
energies is based on sustainable economic development, which can be justified by the
Kyoto Protocol (Kyoto Protocol to the United Nations Framework Convention on Climate
Change 1997) and the Paris Paris Agreement—UNFCCC (2015).

We also observe a unidirectional causality between renewable energy (LREW) and
corruption (LCPI).

Furthermore, we see a bidirectional causality between renewable energy (LREW) and
carbon dioxide emissions (LCO2). Our results also show a bidirectional causality between
trade openness (LTO) and carbon dioxide emissions (LCO2).

Table 5 demonstrates the results of the panel cointegration test and Kao residual
cointegration. According to the results, we can conclude that the variables are cointegrated
in the long term. In this context, the results show a cointegration relationship between the
variables economic growth, corruption, renewable energy, international trade, and carbon
dioxide emissions.
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Table 5. Panel Cointegration Test Results with Intercept and Trend.

(Within Dimension)

Weighted
Statistic Prob. Statistic Prob.

Panel v-Statistic 1.4048 ** (0.080) 1.4159 * (0.078)
Panel rho-Statistic 0.277 (0.609) 0.279 (0.610)
Panel PP-Statistic −1.801 ** (0.036) −1.762 ** (0.039)

Panel ADF-Statistic −2.529 *** (0.005) −2.498 *** (0.006)

(Between-Dimension)

Statistic Prob.

Group rho-Statistic 1.150 (0.875)
Group PP-Statistic −2.211 ** (0.014)

Group ADF-Statistic −2.489 *** (0.006)

t-Statistic Prob.

ADF −2.243 ** (0.013)

Residual variance 0.000637

Heteroskedasticity- and autocorrelation-consistent
(HAC) variance 0.000582

Notes: ***, **, and * represent statistically significant at 1%, 5%, 10 levels.

Before proceeding with the model specification, it is necessary to perform the mul-
ticollinearity test and Hausman test to identify the endogeneity. First, it is essential to
mention that multicollinearity is frequent through the OLS estimator or multiple linear
regression model. As a rule, the independent variables have tolerance problems when
VIF (variance inflation factor) is higher than five. According to the results in Table 6, we
observe that all variables used in this research do not present a multicollinearity problem,
VIF < 5.

Table 6. Testing the Multicollinearity Based on OLS Estimator.

Variables VIF 1/VIF

LGDP 2.07 0.4836
LCPI 1.62 0.616

LREW 1.29 0.778
LTO 2.83 0.3534

Mean VIF 1.95
Notes: All variables are in logarithmic form.

When comparing random effects (RE) versus fixed effects (FE) using the Hausman
test, Table 7 indicates that fixed effects are more appropriate.

Table 7. Hausman test.

Chi-Sq. Statistic (4) = 30.990 ***
Notes: H0 = random effects (RE) versus fixed effects (FE), *** represents statistically significant at 1% level.

Table 8 presents the econometric results with panel two-stage least squares (TSLS). We
observe that economic growth (LGDP), renewable energy (LREW), and trade openness
(LTO) are statistically significant at a 1% level. Moreover, the coefficient of corruption is
statistically significant at a 10% level. In the Durbin–Watson statistics, we can refer that
the estimates do not present problems of serial correlation. It is still possible to observe
the Breusch–Pagan test in the present table, which admits homoscedasticity as a null
hypothesis. The postestimation test presented confirms the presence of heteroscedasticity.
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The variables of income per capita (LGDP) and corruption index (LCPI) are according
to H1 and H2. The empirical result confirms that economic growth can generate envi-
ronmental problems, which the Kuznets environmental curve’s assumptions can explain.
Besides, the result obtained shows that corruption causes ecological and economic costs.
The previous studies of Zhang and Chiu (2020), Arminen and Menegaki (2019), and
Lee et al. (2020) give support to our results. Nevertheless, the coefficients of renewable
energy (LREW) and trade openness (LTO) are negatively correlated with CO2 emissions,
showing that clean energies and international trade promote sustainable development, and
subsequently the improvements of environmental factors (e.g., Ahmed and Shimada 2019;
Maneejuk et al. 2020; Razzaq et al. 2021; Bouyghrissi et al. 2021).

Table 8. Panel Two-Stage Least Squares.

Variables TSLS Coef.

LGDP 0.393 *** (0.000)
LCPI 0.062 * (0.056)

LREW −0.246 *** (0.000)
LTO −0.338 *** (0.000)

Constant 4.025 *** (0.000)
SE of regression 0.032
Mean dep var 5.065
S.D dep var 0.407

Durbin–Watson stat 0.412
Sum squ. resi. 0.095

Breusch–Pagan 32.814 ***
Sum squ. resi. 0.095
Observations 104

Notes: ***, and * represent statistically significant at 1%, 10% levels. All variables are in logarithmic form.

Table 9 reports the estimates using the panel fully modified least squares (FMOLS)
and panel dynamic ordinary least squares (DOLS).

According to our econometric results, it is possible to observe that the variables’
economic growth (LGDP) and trade openness (LTO) are statistically significant at the
1% level. These coefficients present a positive and negative impact on carbon dioxide
emissions, respectively. Additionally, the renewable energy (LREW) variable is statistically
significant at the 1% and 10% level with FMOLS (panel fully modified least squares) and
DOLS (panel dynamic ordinary least squares).

Table 9. Panel Fully Modified Least Squares and Panel Dynamic Least Squares.

Variables FMOLS Coef. DOLS Coef.

LGDP 0.365 *** (0.000) 0.387 *** (0.000)
LCPI 0.108 * (0.085) 0.181 ** (0.027)

LREW −0.189 *** (0.000) −0.126 * (0.059)
LTO −0.448 *** (0.000) −0.505 *** (0.000)

SE of regression 0.032 0.017
Long-run var 0.002 0.000
Mean dep var 5.067 5.078
S.D dep var 0.406 0.469

Sum squ. resi. 0.092 0.006
Observations 99 99

Notes: ***, **, and * represent statistically significant at 1%, 5%, 10% levels. All variables are in logarithmic form.

The variable of corruption index (LCPI) presents a positive impact on CO2 emissions
for both estimators with 10% and 5% levels, representing an increase in carbon dioxide
emissions by 0.108% and 0.181%, respectively.
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This result suggests that corruption can motivate climate change and environmental
damage. The previous studies of Zhang and Chiu (2020), Lee et al. (2020), and Ridzuan
et al. (2019) also found a positive impact of corruption on carbon dioxide emissions.

The coefficient of income per capita (LGDP) shows a positive impact on CO2 emissions.
This result is according to the EKC hypothesis. The recent empirical studies of Balsalobre-
Lorente et al. (2019), Ike et al. (2020), Koengkan et al. (2021), and Leitão and Balsalobre-
Lorente (2020) also found a positive correlation between economic growth and carbon
dioxide emissions.

The variable of renewable energy (LREW) is negatively correlated with carbon dioxide
emissions showing that cleaner energies encourage environmental improvements. Accord-
ing to the results, the carbon dioxide emissions decreased (−0.189%) and (−0.126%). This
result is in line with the various international conferences on the environment and climate
issues and the EU Agenda (e.g., Kyoto Protocol to the United Nations Framework Conven-
tion on Climate Change 1997; Paris Agreement—UNFCCC 2015; Directive 2009/28/EC
2009). The empirical study is also supported by Koengkan and Fuinhas (2020) and Singh
et al. (2019).

As the literature review reflects, trade openness (LTO) is negatively correlated with
carbon dioxide emissions; our result found this association. The result can be explained
by the trade intensity, as assessed by Leitão (2021), and this type of trade is associated
with innovation and product differentiation. The empirical studies of Balsalobre-Lorente
et al. (2021), Leitão and Balsalobre-Lorente (2020), Ike et al. (2020) also demonstrate that
international trade present a negative effect on CO2 emissions. The authors concluded that
international trade diminished climate change.

5. Conclusions

This study investigates the impacts of renewable energy, corruption perception, eco-
nomic growth, and international trade on CO2 emissions considering panel data for 1995–
2015. We selected five European economies: Portugal, Spain, Italy, Ireland, and Greece. We
chose to focus on these countries because we intended to evaluate countries with relatively
similar characteristics, as explained in this investigation’s introductiont. Besides, previous
studies on this group of countries have not assessed the impact of corruption on climate
issues.

The hypotheses were tested by panel unit root test (Levin et al. 2002; Choi 2001; Im
et al. 2003). The results showed that the variables used in this research are stationary into
the differences, I (1). Furthermore, the Pedroni and Kao panel cointegration demonstrated
that the variables economic growth, corruption, renewable energy, international trade, and
carbon dioxide emissions are cointegrated in the long run.

Regarding the Dumitrescu and Hurlin (2012) pairwise causality test, we conclude that,
in general, the variables used in this empirical study present a unidirectional causality
between them. The results still suggest a link between economic growth and corruption,
showing signs of a shadow economy. However, we observe a bidirectional causality
between renewable energy and carbon dioxide emissions. The same is verified by the
relationship between international trade and carbon dioxide emissions.

The econometric results using TSLS (Panel Two-Stage Least Squares), FMOLS (panel
Fully Modified Least Squares), and DOLS (panel Dynamic Least Squares) are similar
between them.
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The results found for the economic growth were in line with environmental Kuznets
curve (EKC) studies. The empirical studies of Bouyghrissi et al. (2021), Balsalobre-Lorente
et al. (2019), Ike et al. (2020), Koengkan et al. (2021), and Leitão and Balsalobre-Lorente
(2020) also suggest that economic growth accelerates climate change and global warming.

The studies of Dincer and Fredriksson (2018), Ridzuan et al. (2019), Akhbari and
Nejati (2019), Zhang and Chiu (2020) confirmed that corruption can accentuate pollution
emissions, reflecting a policy of less transparency in terms of industrial and government
policy. Our results in accordance with this perspective. Thus, a positive effect of corruption
on CO2 emissions contains several economic and fiscal policy implications for government
policies.

Subsequently, our econometric results also show that renewable energy and trade
openness negatively correlated with carbon dioxide emissions. This result is according
to the EU agenda, the Kyoto Protocol to the United Nations Framework Convention
on Climate Kyoto Protocol to the United Nations Framework Convention on Climate
Change (1997), and the Paris Agreement—UNFCCC (2015), i.e., the concept of sustainable
development (e.g., Balsalobre-Lorente et al. 2021; Leitão 2021).

Therefore, based on the empirical results, we can present some suggestions and im-
plications for policymakers. First, the study shows that corruption can stimulate carbon
dioxide emissions and, consequently, impacts environmental damage. Thus, governments
and their finance ministries should implement more regulatory, supervisory, and corrup-
tion control measures, as this unfair practice distorts competition laws and policy. Second,
the governments of the economies under analysis should continue to develop acceptable
practices regarding decarbonization, promoting them as they have done with the intro-
duction of renewable energies and more sustainable trade that considers innovation and
differentiation.

Regarding the extent of this investigation and clues for future work, we think it
would be interesting to compare these results with the BRICS (Brazil, Russia, India, China,
and South Africa) economies since they are emerging economies with great potential for
international trade. In this context, it will be essential to note that India has invested a lot
in cleaner energy production in recent years. On the other hand, China has reversed its
international trade patterns due to the current pandemic crisis and its response (e.g., Leitão
and Balsalobre-Lorente 2020).
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